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Abstract 


‘On the way of development of antviral agents for agriculture, artifical glyean-ghelipd complees (GEC) were erated 
frum glucan which was the component of mycellum of basdiomlcotafung! Ganoderma adspersum (Schulz) Donk: Other 
constituents are etraclular glcouronaxylomannan of basiiomicota fungi Te-mella mesentrle Riz. Fe, mannan frm 
Candida malsa cells. Rampolipt of Pseudomonas sp PS-17 is used as a compound agent and GC fractions (ipasomes 
and supernatant) havean inhibit in gactivty against virus of tabacum mosale (VTM) of datura (Datura stamonium (.) and 
‘tabacum (Nicotiana tabacum L) plants up-sensitive to this virus Under by the treatmentof soybean (Glyine max (L.) Mere) 
‘Seed blo formulations the plant resistance to mosaic virus infections (seas) and the reflection of laf light spectra, which 
characterized of ehiorophill under Held conditions are increased. Using the electron mlcrascope method of investigation, 
‘thestructres of mlrocenoses as wellas lposoms were found out inthe ner-reat plnt zone, which indicates onthe ek 
‘of impact to the processes of plant shyzospherle miroorganiss interactions. The investigation has shown that pre-sowing 
‘ngterzation by iadyhlzoblum japonicum UCM 8-601 In combination with GGC-3 preparation promotes the crop Increase 
Infleld experiments. 
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Introduction products against pathogens often encounters the problem 
‘of overcoming the side effects of drugs, one of the thost 


Plant viruses are quite common and are extremely important of whichis thelr photoset. Tis problem, in 


harmful Therefore, the need to prevent vga diseases is 
quite obvious and economically justified. Its espedaly 
Important to sole tis problem given the Intensification of 
modem agriculture, the predominance of monoculture and 
the use of high doses of mineral fertizrs and pastedes 
In Gop production The development of plant protection 
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‘our opinion, can be solved by using comple drugs based 
‘on Substances of blologieal origin as wall as lve cultures 
fof symbiotic mcorganisms that ean positively affect 
the metabolle procsses of pans. In ths Sense the tuber 
Ibjteria of the family Rhizobiaceae are interesting, which 
hep to Inrease the productivity oflegumes. 


Bacteriaand higher fungareknown toproduceanumber 
of blologeally active substances, among which researchers 
are of particular Interest to glycans and glvelpils that 
have antiviral, antimicrobial and antiumor properties We 
have recently found an increase Inthe biological activity of 
these substances nthe case of thelr combined se on plants, 
whlch may be de to afferent mechanisms of action af the 
Ingredients ofthe studied complexes on pathogens and host 
plants [1 


(On the other hand, it Is known that rhizblas, in 
particular Bradyrhizobium japonicum, are able to Induce the 
formation of bubbles inthe partner in which the process of 
Mxingatmospherie nitrogen and, consequently improve the 
nitrogen nutrition of legumes. On the bis of B.aporicum 
UCHE-628ervatedaninoculantthat has apostiveeffect not 
‘only on veld butalso on thestructureandmetabole activity 
‘ofthe rlaosphere mleroblocenostsofsoybeans|23} In this 
‘egarditwasimporantte determine theeffect of ou glyean- 
slveolpld complexes (CGC) the components of which, nour 
‘pinion, may play an important role in the adhesion and 
metabolc activity of symbotichacteria the formation a soy- 
‘hizobil symblosisand soybean productivity. In connection 
withthe above we med tostuiy the efectof the developed 
lyeangiyolpid complexes (GC) on the development and 
Suseepubilty of soybean plants to vr infection, as well as 
the efketiveness ofegume-rhizobla systems. 


Objective 


soybean nodule bacteria Bradyrhizobium japonicum 
{UM B-6018, soybean plants (lyeine may.) Mere) Variety 
Angelica, tobacco mosaic virus (TMV), strain U, cultured in 
the celb ofthe hypersensitive mutant tobacco (Wicotiana 
tabacum) ofthe Iramune S00 varlety, Datura stramoniun 
LEnypersensitve ty TMV and Immune 80 tobacco Ariel 
ce wereinvestgate,Incuding: glucan from the mycelium 
‘ofthe husidionycetefungus Ganoderma adspersum( Schulze!) 
Donk extracelular gucutonoxyoraanan (GCM) of the 
‘msidiomyeete fungus Tremella mesenterca Ritz Fr. mannan 
from Candida maltssa cel culture Dud Pseudomanassp.5- 
17-Glyeans and glycolipids were obtained according othe 
methods described earher [45]. Supramolecular structures 
‘ofthe lipesome type rom thelisted substances were formed 
According othe method [6] with some mosifcations related 
to the selection of the ritlos of Interacting substances and 
the conditions of their composition. Concentrations of 
Ingredients were selected on the basi of planar testing 
fof thelr activity against TMV and safety against tobacco and 
‘sybean seedlings [14]. 


‘The Bilowing GGCs were Investigated (in parentheses 
Indkate the concentration the ingratent, 1) 
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GGC-A: GOM Tmesenteria (2) + rhamnollpid Pseudomanas 
sp (0.1) 

(GGC2: mannan ¢. maltoa (05) + hamnoipid Pseudomonas 
sp (0.1) 

GGC3: gly G adspersum (05) hamnolipid Pseudomonas 
sn (0) 

GGC4: GEM (07) + mannan (0.47) + slyean (017) + 
‘hamnolipid Pseudomonas sp (01) 


Evaluation of Antiviral Activity of GGC 


Determination of antiralactsty of GGC (in ito and a 
vivo} was performed on plants of anura(Dacwa stramontum 
[Lepandtobaceo (Nicotiana tnbacum(L}) Topre-evaluatethe 
ntoyal activity ofthe obtained GC and individual actions 
{in vitr, thelr aqueous solutions in various concentrations 
(0.01-1 mg / sl) were add tothe suspension of THY (10, 
a, / mal) incubated for 30 min and infected the lft halwes 
{FD stromenium leaves the right halves were infected with 
the virus Inthe same concentration without GHA. Inductive 
properties of HGC in vivo were studled on tobacco plants of 
the mune $0 variety according to the methods described 
carlie [41 


‘Vegetation and Field Research with Soybeans 


Soybeans weregrown ina greenhouse under naturalght 
and temperature conditions: sol moisture was maintained 
tO of total mokture content Feld experiments were 
‘inducted ntheresearchfeldofthelnstitueeof Microbiology 
nd Virology ofthe National Academy of Scences af Ukraine 
Morphological and functional parameters of plants were 
{Seterminedin the phase ofthe true eaves, virusinstation 
“inthe phasesof budding and blooming. 


Soybean Seed Treatment 


(GGcs and thelr fractions (Uposomes and supernatant 
remaining ater separation of the liposomal fracton of the 
rug by centrifgation at 10,000 g.15-20 min} were used 
‘athe stage of presowing treatment of soybean seeds of 
‘Angelica variety alone and in combination wit soybean 
‘hizobla seeds pretreated with GGC. Soaking the seeds with 
‘mucous Solutions of GC inthe above concentrations and / 
forlese than 10 tes sted 6-10 hours Forthe preparation 
ofthe inoculant japonicum UCM B-6018 was grown on 
‘dreular shakers (220 rpm) at 26.28° Cfor 96h ina liquld 
nannifok yeast medium of ths composition, g/ I: mannitol 
10.0; ofyaast extract2 0; caleum gluconate 15; K2HPOS5 
MySO4.7H2002, NaCLO.1; FeCl;6H,0-001; Ph 7.2 A 
‘bacterial oaof 108ellper seed was applednvarantswith 
presreatment and without treatment of CC, Inthe control 
‘arlant the seeds were meated with water After treatment 
the seeds were ar dried and sown in the sl. Phenologial 
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observations of plants, thedevelopientof sya poms of ve 
‘damage, as Well 3s determined the presence and location of 
‘GGC, their elementsand nlcroonginisis inthe sll 


Ecological and Physiological Research 


For the study of mleroorganisms and HGC, 1-5 em 
polvetiylene terepithalate (PET) ims were placed In the 
Sail af the oot zane and they were placed along the main 
Soybean root The Mins were previously strlzed with 
‘ethanol. Exposure was performed for 10 days in order 10 
‘bain on PET ins fouling by microblal association. Aner 
Femoval the PET film was fixed in ghtamldehyde and 
‘esmlum tetroxide vapor polymerized ina misture of epoxy 
resins eutona LKB microtome (Sweden) andanalyed using 
4 JEOL JEM-1400 transmisslon electron inlcrscope. We 
‘Studied 10 flde of view in five sections of the bol ata 
istance of I mm fom each other The morphofunctonal 
‘organization ofthe photosynthetic apparatus of soybeans 
was studied according to the method described ear [3 
‘The results of counting neasis caused by TMV on tobacco 
and datura leaes, the number of afected soybean plants 
And yidd inlcatorsof the latter ware subjected to statetial 
brocessing according to wel-known parametric etera for 
the relablty ofdflrencesinexperiments and contrl [1]. 
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Results and Discussion 


‘The CGC formed by us lookal Uke opalescents, 
sometimes wank colored aqueous emulsions stable when 
Stored atroom and low (orn #2) temperatures andwhen 
‘luted with water (pH 60-65). Inthe light microscope the 
‘obtained structures had the fron of ball with a size of 01 
102 yn. The degre of incorporation of glycans into the GOC 
saried within 20-25% of the toa amount of palsaccharide 
the bulk of which remained in aqueous solution (medlurs) 
laboratory data have shown that both fractions of GCC 
are antivrally active (Figure a). Slightly lower vals of 
inhibition of the infectivity of TY by thelipssome faction 
(2) compared withthe supernatant (tare apparentiydueto 
the actthatthe proportion of yeansincued in iposomes 
‘compared to that remaining fee inthe envimnment i 4-5 
times layer However, the glean in posomes may be more 
active than free due to better dellery to targets Therebre 
in subsequent experiments to test the blologialactity of 
(GGC. we used total preparitons containing bound glean in 
liposomes and free vean nthe supernatant (GC-3, 600-4) 
(GGC-3 and GGC-4 weretestedby us as inducers oFresstance 
oftobacco plans to TMV and prove tobeeffective protective 
‘gents (Figure 1b). Their antiviral activity against TMY was 
manifested for 7 days and provided 40-70% protection of 
plats from experimental infection 


Figure ta:Eicacy of GHC on TMV’: Suppression of infectious TMV on datura pants by adding GGK- (3) and its factions to 
‘the nbeulum, % ofcontrol (superman: 2-Iposomes) “suppression of THV did not happen. 


ma 


Bika 


bypersensitve to this virus GGK concentration -1 g/L 


Figure 1h; Ecacy of GHC on TMV: Hesistance to TMV infection Induced by GCI and GCK- in immune SBD tobaceo plants 
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‘As mentioned above, the tested GGCs eontalned glycans 
In tipasomes ad tree gyeans inthe supernatant that were 
notpart ofthe liposomes Itwas und that both compo ents 
‘oF GGC-3hada posite effecton the growth nd productivity 
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of soybeans, with a more significant effet on plant growth 
Was exerted by the Uposomal faction andthe inrease In 
‘yld-he supernatant [Table 0 


Taetion GoET 
Indicator Control ceca 

Tipesomes [Supernatant 

Plant belght(bodiingstagsy ange | S200 | Waar | S703 ier | sesod 1a 

‘Weight of beans plants. % 4602100 | 4.031014 | sornor9or | 6.2405 1452 


Table 
‘weatment (vegetation experiment} 
p20, 052°0,05 > pe001-~001> poor 


Pre-sowing treatment of seeds hela to increase the 
reststanceof soybeanstoviral infection inthe ed (Figure 23, 
4p) Moreover inthe varlants with GCC treatment, a higher 
lel was obtained: the weight of buans inthe experimental 
Varants was 5-12%, and the seeds were 20-70% higher 
than in the control (Figure 2c, 24} In fel experiments, we 


heeft of GGG apd Is factions onthe growth and ylel of Anglia soybean plans under preshowing seed 


‘bund a poste effct of the combined use of G6C3 and 
Inoculant on the formation ofthe photosyathete apparatus 
‘of soybeans. The combined use of GEC-S with a mlcrobal 
prepuration signficanly affected the morphological and 
Plysiolopialcharacerstes of the ln blade of the fourth 
‘soybean lea Table 2}. 


Note: Ps, 05 


The Taieimess othe = 
Vein Leatarea, mnt | “*Sfsopite um |_‘Palsadetayennm | paliade 
Tomoifwaen) | _asHarite TEV624 0ssa52i a5 
Sopermatne asp anaT75 ATE 220 
Liposomes irene 7.190826 10026723 037 
Tizoin are THESIS AD ox 7a 027 
Tain slpesomes [2202s 1750625 Toxoe56 a4 
Table 2 Changesin te mesophy othe ea fsoyan vane anglin uidertheatn of Faclons GGC-3 and ocular 
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Figure 2: Influence fdlfrent GGCs on the susceptbity of soybean mosale virus (a,b) and yleldotbeans (2) and grain (8) 
lofangelca soybean: a-undiluted je and d-tlutedwith water (1:10) emulsions GGC On the y-asls-the Incidence and yield of 
plants, 9 on the abscissa ais option: control 1.234-06¢ of various structure. 


‘The largest area of the leaf bhde as well as the 
‘hidness of the mesophile layer was found Inthe variant 
fof sted treatment with rhizobia and lipasomal fraction 
(GGC-4 The main photesyathetic funtion of leaf mesophyl 
is performed by celspaiside mesopile, and the degree of. 
its dilrenttion characterizes the cosfficent of palisade, 
\whleh is caleubted by the rato ofthe diference between 
the thieness of the mesophle and the palisade layer to 
the thickness ofthe mesophil- According to our daa, the 
thickness of the palside layer did not ifr signifeanly 
In all experimental variants and the value ofthe palisade 
fnaiiient was. greater than the contol. The highest 
‘oeficientwasfoundin te varintof thecombinedaction of 
‘the moculant and the lipasomal faction of @6C-3 (Fable 2) 


Ie known thatthe perio of maximum ferentiation 
ofthe characteristics ofight reflection spectraby plant leaves 
‘epend on the phases of vegetation, which are decisive fr 
the formation of pnt productivity [781 


‘This figure was higher inthe experimental varans than in 
the contol. The nerease of light reflection mavina at the 
Indicated wavelengths was recorded inthe spectrograms of 
plant eaves In the ease of seed bacerization and espectaly 
fo the variant of combined seed treatment with liposomal 
faction GOC-3 and Rizo. 


‘According to the results of the analyse of panoramic 
Images of the soybean rhizosphere using the method of 
Suing biflnsandelectron nlemscony, stall soll particles 
‘were Identiied 2-5 ym in size in the form of globular 
‘aggregates permeated with pores and capHlaries (Figure 3) 
Microorganisms were located sing ori snal clans [20- 
100 cals each)-The density of mlcroclonles was highest 
in the variant with inoculation (Figure 3a} In the variant 
swith pre-tieatment of ses with liposomal fraction GGK- 
43 (Figure 3b) in the thizasphore sol observed individual 
Spheral structures such as Upesomes (17%) and thelr 
‘complexes with bcteria(10%) ormlrocolontes (2196) and 
lso-autonomousl Inthe cap aris (525) 


Figure 3: Panoramic image ofthe mierobloceness ofthe soybean shizsphere under the ewndtions af inoculation of Brady 
lao um Japonica UKM B-6038:a- without tratment (control; b- with pre-treatment of seeds with liposomal fraction 
‘GGC-3. Electron tranemiston microscopy (EDL JEM-1400) SP (CHG) soll particles arrows Indleate Iposonnes, 
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‘Thus, the combined use of GGC3 with a micrbil 
epamition siguilanty affected the morphophysiologeal 
‘characterises of the soybean leaf Bade. The lgest lea 
area as well asthe thickness ofthe mesophile layer was 
found in the ease of seed treatment with Inoculant and 
IMposomsal fraction GGC-2 Combining blologlal products 
‘containing soybean microsymbiont hacteria with artifieial 
Soybeans helps to increase the resistance of soybean pants 
to plytopathogenie viruses and inrease the effectiveness 
‘of soybeanthlzobialsymblesis In this way. In eur opinion, 
the latest effective means of plant protection aginst viel 
flseases can be created as an Important component in the 
‘overall system of increasing the productivity of legumes 
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